The impact of active school transport (AST) on daily physical activity (PA) levels, body composition and cardiovascular fitness remains unclear. Methods: A systematic review was conducted to examine differences in PA, body composition and cardiovascular fitness between active and passive travelers. The Medline, PubMed, Embase, PsycInfo, and ProQuest databases were searched and 10 key informants were consulted. Quality of evidence was assessed with GRADE and with the Effective Public Health Practice Project tool for quantitative studies. Results: Sixty-eight different studies met the inclusion criteria. The majority of studies found that active school travelers were more active or that AST interventions lead to increases in PA, and the quality of evidence is moderate. There is conflicting, and therefore very low quality evidence, regarding the associations between AST and body composition indicators, and between walking to/from school and cardiovascular fitness; however, all studies with relevant measures found a positive association between cycling to/from school and cardiovascular fitness; this evidence is of moderate quality. Conclusion: These findings suggest that AST should be promoted to increase PA levels in children and adolescents and that cycling to/ from school is associated with increased cardiovascular fitness. Intervention studies are needed to increase the quality of evidence.
According to recent physical activity guidelines, children and adolescents should accumulate at least 60 minutes of moderate-to-vigorous intensity physical activity (MVPA) every day. 1, 2 However, population data from the Canadian Health Measures Survey and the National Health and Nutrition Examination Survey indicate that the majority of children and adolescents fail to meet this threshold. 3, 4 Researchers are increasingly referring to this situation as a "physical inactivity crisis," 5 because low physical activity (PA) has been linked to a higher prevalence of obesity and to the emergence of cardiovascular disease risk factors in childhood and adolescence. [6] [7] [8] Moreover, the rising prevalence of obesity has coincided with a significant decline in fitness among children and youth over the past few decades. 9, 10 Active school transport (AST) has been proposed as a way to increase PA in children and youth at the population level 11 with the added benefit of reducing emissions of greenhouse gases and other pollutants. [12] [13] [14] It is an inexpensive form of physical activity that can be integrated into individuals' routines, as most children and adolescents must travel to and from school on a daily basis. In addition, it has been argued that if sufficient intensity is achieved, AST could lead to an increase in cardiovascular fitness. 15 In recent years, however, the prevalence of AST has declined in several countries including Canada, USA, Australia, and Switzerland. [16] [17] [18] [19] Two systematic reviews published in 2008 and 2009 have examined the relationship between AST, PA level, and body weight, 20, 21 and both concluded that AST was positively associated with PA level in the majority of studies. There were no intervention studies and very few longitudinal studies, however; hence, it was impossible to determine the direction of this relationship. In addition, most of the studies included in these reviews did not show an association between AST and body weight.
In contrast with the 2 earlier reviews described above, a more recent review by Lubans and colleagues has reported that nearly half of available studies have shown that AST was associated with a more favorable body composition. 22 The majority of studies also indicated that active travelers had greater cardiovascular fitness, especially those who cycled to and from school; however, their review did not examine differences in PA between active and passive travelers. Of the 3 previous Official Journal of ISPAH www.JPAH-Journal.com REVIEW Active School Transport and Health 207 systematic reviews, only Lubans et al assessed study quality. Specifically, they evaluated the quality of reporting and calculated "levels of evidence" based on the proportion of studies showing significant associations. An important limitation of this approach is that it places cross-sectional studies on the same level as more rigorous study designs (ie, controlled trials and prospective studies). Finally, the 3 earlier reviews have identified only observational studies.
Before broader funding and implementation of strategies to promote AST can be realized, it is important to demonstrate that AST is associated with positive healthrelated outcomes. Consequently, the main objectives of the current systematic review were 1) to update current knowledge on the association between AST and daily PA level; 2) to examine the association between AST, cardiovascular fitness, and various indicators of body composition (BMI, waist circumference, skinfolds, etc.); and 3) to systematically assess the quality of evidence with respect to the relationship between AST and daily PA, cardiovascular fitness, and body composition.
Methods

Search Strategy
A systematic search strategy was developed with the help of a professional librarian and captured a total of 2376 potentially relevant articles published (or in press) before April 10, 2012 . First, the Medline, Embase and PsycInfo databases without date limits were scanned with the OVID interface using the following search keywords: transport* or commut* or travel* or walk* or cycl* or skat* or skiing or run* or canoe*. At least 1 of these keywords had to be located within the 3 adjacent words of the word "school." Second, the ProQuest Dissertation & Theses database was searched for relevant gray literature. Third, the PubMed related articles function was used with the 3 newest and 3 largest studies included in Faulkner and colleagues' review 20 as seed articles. Date was limited to records indexed in PubMed since May 2008, just before the search of the original review. In addition, 10 leading AST researchers, representing 7 different countries (Denmark, Netherlands, Germany, Canada, United States, Australia, and United Kingdom), were asked to provide a list of 5 key articles. All of them kindly responded to our query and suggested 23 different papers and reports. Only 5 of them were not captured by the initial search strategy. Finally, 15 articles were added from the authors' personal libraries. Figure 1 illustrates the number of papers retrieved from each of these sources.
The potentially relevant articles were imported into a Reference Manager 11 database (Thompson Reuters, San Francisco, CA) and titles and abstracts were screened independently by two reviewers (RL and TJS). Full text copies of all articles that passed the initial screening were examined by 2 reviewers (RL and TJS) for inclusion criteria. Any disagreement was resolved with the help of a third reviewer (MT). Consensus was reached for all included articles. The review methodology was prospectively registered in PROSPERO (Registration number: CRD42011001456).
Inclusion and Exclusion Criteria
To be included in the review, studies had to report the findings of an original study with school-aged children (5.0-17.9 years old) and to have assessed at least 1 of the following outcomes: 1) daily PA level (objective or subjective measures), 2) body composition variables (BMI, waist circumference, skinfolds, etc.), and 3) cardiovascular fitness (ie, VO 2 max). Literature reviews and studies where the mean age of participants was outside the specified range were excluded. Studies of correlates of AST (eg, in which AST was studied as the outcome variable rather than as an exposure) were excluded. Papers in languages other than English and French were also excluded.
Data Extraction
Standardized data extraction tables were created with Microsoft Excel. Information relative to the study design (year, country, participants, age, and methodology), assessment of AST, outcomes examined and the main findings were extracted. The reviewers were not blinded to the authors or journals when extracting data. Authors were contacted for missing information on outcome variables and all of them responded. When the findings of dissertation theses were later published in peer-reviewed journals, data from the latter publication was extracted, unless unavailable. Similarly, when the findings of the same study were discussed in different papers, the data were extracted from the paper that described the differences between active and passive travelers more thoroughly. Following data extraction, it was determined that the included studies were very heterogeneous with respect to the categorization of participants (some studies analyzed walkers and cyclists separately, others pooled them together; also some studies classified individuals using AST only once per week as "active commuters"). Moreover, although pedometers, accelerometers, and questionnaires can all provide information about daily PA, they measure quite different constructs (steps per day, minutes spent at a certain intensity, and one's perceived level of PA), and these outputs are difficult to compare. 23, 24 The accelerometry studies have also used various models of accelerometers and various intensity cut-points. Therefore, it was considered inappropriate to perform meta-analyses; hence, a qualitative synthesis of the evidence is presented.
Quality of Evidence
The quality of the included studies was systematically evaluated using the Effective Public Health Practice Project Quality Assessment Tool for Quantitative Studies. 25 This tool includes 6 components: 1) the likelihood that the study participants are representative of the target population, 2) the study design, 3) the control of confounding variables, 4) the blinding of participants and investigators, 5) the validity and reliability of the data collection tools, and 6) the proportion of withdrawals and drop-outs. This tool was used for each study separately and each component was rated as "strong," "moderate," or "weak" based on standard criteria. 25 Overall quality ratings were derived from the component ratings as follows: "strong" when there were no weak component ratings, "moderate" when there was 1 weak component rating and "weak" when there was at least 2 weak component ratings.
In line with an earlier review of the health-related impacts of cycling, 26 the representativeness component was considered not applicable for experimental studies. Acknowledging that external validity is a very common limitation of experimental studies, if the representativeness component was rated as weak, experimental studies would be extremely unlikely to provide strong evidence based on the Effective Public Health Practice Project tool. The blinding component was also considered nonapplicable because it is virtually impossible to blind participants that they are receiving an AST intervention. In addition, none of the included studies described the blinding of participants and/or investigators. The quality assessment was pilot tested independently by 2 reviewers (RL and TJS) for 5 studies. The reviewers then discussed any ratings where there was a disagreement to reach a consensus. The remainder of the studies was assessed by 1 reviewer (RL). This procedure was previously employed by de Bourdeaudhuij and colleagues. 27 The GRADE approach was used to evaluate the quality of evidence. 28, 29 In this approach, randomized controlled trials begin as high quality evidence, but quality may be downgraded based on factors such as limitations of the study design or implementation, imprecision of estimates (ie, large confidence intervals), variability in results, and indirectness of evidence. Observational studies begin as low quality evidence, but they may be upgraded if there are large effect sizes, a dose-response gradient, or if all plausible biases would be expected to reduce the treatment effect. 28, 29 Consensus was reached among the review team for all GRADE ratings.
Results
After removal of duplicates, 1433 articles were scanned and 1287 of them were rejected on the basis of titles and abstracts. Full text copies of the remaining 144 papers were screened in detail for inclusion criteria. Seventy-one papers were rejected for the following reasons: ineligible outcome (ie, no relevant outcome data or AST measured as outcome rather than exposure), 30 papers; ineligible exposure (ie, overall walking and cycling instead of AST), 22 papers; ineligible population (eg, mean age outside of 5-18 years old age range), 3 papers; language other than English and French, 6 papers; and literature reviews, editorials, letters to the editor and conference abstracts, 13 papers. Some papers were excluded for multiple reasons. Finally, as illustrated in Figure 1 , a total of 73 papers (representing 68 individual studies) were included in the review. Of these, 54 studies were cross-sectional, 10 were longitudinal and 4 were intervention studies (two randomized and 2 nonrandomized). This review includes data from 108,694 individuals and the sample size of the studies varied from 11-7023 participants. Characteristics of the individual studies are presented in Table  1 . It is worth noting that studies were only eligible for inclusion in the PA analyses if they assessed total daily PA (eg, those that examined only subcategories such as leisure-time PA were excluded from these analyses). Such studies were still included in the review if other relevant outcomes were reported (eg, body composition, fitness); however the differences in PA were not examined in the analyses.
Physical Activity
As detailed in Table 2 , 49 studies examined the association between AST and daily PA, including 2 randomized controlled trials, 2 quasi-experimental studies, 5 prospective studies and 40 cross-sectional studies. Of these, 28 assessed PA using accelerometers, 30 ( 81.6% of the studies), while the 9 remaining studies found no difference between modes of transportation. 31, [33] [34] [35] [36] 46, 58, 67, 68 AST was associated with higher PA levels in 22 of the 28 studies that used accelerometers (78.6%). 30,32,37-45, [48] [49] [50] [51] [52] 91, 92, 95, 99, 102 The mean differences in time spent in daily MVPA ranged from 0 to 45 minutes. Two observational studies have shown a dose-response gradient such that active travelers who lived further away from school accumulated more PA than those who lived closer. 30, 50 It is noteworthy that the difference in PA between active and passive travelers often exceeded the amount associated with the journey to and from school. For example, Cooper and colleagues reported that boys who walked to school accumulated 30 additional minutes of MVPA between 3 PM and 8 PM while no such difference was noted in girls. 42 Both randomized controlled trials have shown significant increases in daily MVPA. Sirard et al reported an increase of 14 minutes of MVPA during the 45-minute period before school in participants assigned to the walking school bus, with no changes in the control group and no difference between groups for the rest of the day. 45 Mendoza et al noted that participants from the experimental group increased their daily MVPA by 2.2 minutes while their control counterparts decreased their daily MVPA by 4.8 minutes. 52 Similarly, 1 quasi-experimental study found that participants in the school where walking school buses were implemented for 2 years accumulated about 17.5 more minutes of daily MVPA than children from the control school. 44 In the other quasi-experimental study, a lower seasonal decrease in daily MVPA and steps was observed in the intervention group (partial η 2 = 0.08 and 0.09 respectively), but no difference between groups were found during the morning and afternoon school trips. 102 Eight of the 9 studies that used pedometers found that AST was associated with higher daily step counts (88.9%). 53-57,59-61 Mean differences in pedometry-determined PA ranged from 663-3477 steps/day. Loucaides and Jago examined differences in step counts in multiple segments of the day and they found that participants who actively traveled to school accumulated 372 more steps in the "before school" period (η 2 = 0.08), 1430 more in the "after school" period, and 1915 more in the whole day (η 2 = 0.03 and 0.04, respectively). 54 Twelve of the fourteen studies that used self-report instruments have shown that active travelers were more active (85.7%), 51, [62] [63] [64] [65] [66] [69] [70] [71] [72] 92, 93 while 2 studies reported no difference between groups. 67, 68 Direct comparison of these studies is complicated because some studies used participant reports while others used proxy reports from the parents. Furthermore, differences between groups are reported using different metrics (ie, daily PA, PA index, proportion of participants meeting PA guidelines, etc.). Both studies that used accelerometers in combination with a questionnaire found that walkers and cyclists were significantly more active with both instruments. 51, 92 Although most studies found that active travelers were more active, some reported that differences in PA were significant only in boys, 42, 46, 48, 52 while Cooper et al reported that the difference was significant only in girls and in younger participants. 38 In contrast, Abbott et al reported that differences in PA were seen in year 5 and 10, but not in year 1 children. 53 Another study found that girls who walked to school were more active than those who were driven, while boys who cycled to school were more active than passive travelers. 50 Two accelerometry studies have found differences in PA between walkers and passive travelers, but not between cyclists and passive travelers. 38, 48 Overall, 81.6% of the studies (including the 2 randomized controlled trials) have shown that AST was associated with significantly higher PA levels, despite the limitation of accelerometers and pedometers in measuring PA during cycling. 24 Further, there is some evidence of a dose-response relationship; 30,50 however, many studies have found inconsistencies of effect between genders or age groups. Therefore, the quality of evidence was rated as moderate.
Body Composition
Thirty-nine studies examined the association between AST and the following indicators of body composition: BMI (38 studies), 33, 34, [36] [37] [38] [39] [41] [42] [43] [44] 46, 47, 54, 58, 63, 64, 67, 68, 70, [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] 92, 94, 96, 98 Cooper (2010) 32 Actigraph accelerometer worn for 7 consecutive days Children who walked to school were more active than those who used PST during the whole day (606.1 vs.
530.4cpm) and the hour before school (878.8 vs. 608.7cpm). Differences in minutes of MVPA were significant only for the hour before school.
Lofgren (2010) 33 Actigraph accelerometer worn for 4-5 days No differences between active and passive travelers in cpm and minutes of daily MVPA and VPA, neither at baseline, nor at follow-up.
Cooper (2008) 34 Actigraph accelerometer worn
No differences between modes of transport in minutes of MVPA, neither at baseline, nor at follow-up.
Ford (2007) 35 Actigraph accelerometer worn for 5 consecutive days Children who walked to/from school were more active during the hour before and after school (983.2 vs. 762.7 cpm); no difference in daily PA levels.
Alwis (2007) 36 Actigraph accelerometer worn for 4 consecutive days No differences between active and passive travelers in cpm and minutes of daily MVPA and VPA, neither at baseline, nor at follow-up.
Saskvig (2007) 37 Actigraph accelerometer worn for 6 consecutive days Girls who walked to and from school accumulated 13.7 more minutes of daily PA (including 4.7 minutes of MVPA).
Those who walked only 1 way accumulated 2.5 more minutes of daily PA (including 2.2 minutes of MVPA).
Cooper (2006) 38 Actigraph accelerometer worn ≥ 4 days Girls who walked to school were more active than those who were driven (734.4 vs. 624.4 cpm). No difference between cycling and PST. No differences between travel modes in boys and in adolescents.
Sirard (2005) 39 Actigraph accelerometer worn for 7 consecutive days AST was associated with 33% more cpm in the "before school" period and 27% more cpm in the "after school" periods. Active travelers spent 3% more time per day in MVPA (~24 minutes per day).
Alexander (2005) 40 Actigraph accelerometer worn for 7 days Children who walked to and from school accumulated 25.9 more minutes of daily MVPA compared with those who used PST. Those who walked 1 way accumulated 15.9 minutes more than those using PST.
Cooper (2005) 41 Actigraph accelerometer worn ≥ 4 days In comparison with PST, walking to school was associated with 34 more minutes of daily MVPA in boys and 40 minutes in girls. Cycling was also associated with 27.5 more minutes of daily MVPA in boys, but no difference was seen in girls.
Cooper (2003) 42 Actigraph accelerometer worn for 7 consecutive days Overall, children who walked to school were significantly more active (712.0 vs. 629.9 cpm) than those using PST.
Only boys who walked were more active (813. 47 Actigraph accelerometer worn for 7 consecutive days AST was associated with greater average daily MVPA (std. β = 0.12) and before-and after-school MVPA (std.
Chillon (2010) 48 Actigraph accelerometer worn for 4 consecutive days AST was associated with higher MPA (138.9 vs. 127.3 min/day), VPA (25.5 vs. 22.6 min/day), MVPA (164.6 vs.
150.6) and total PA (712.9 vs. 664.5 cpm) in boys; no difference in girls. Swedish boys who used AST were more likely to meet PA recommendations (OR = 1.93). Walking but not cycling was associated with greater odds of accumulating ≥ 60 min/day of PA.
Mendoza (2010) 49 Actigraph GT1M accelerometer worn for 7 days AST was associated with higher daily MVPA in the whole sample (std. Panter (2011) 50 Actigraph GT1M accelerometer worn for 7 days Children who used AST accumulated more of daily MVPA (3.3-6.9 minutes), with most of this difference occurring during the journey. Distance between home and school mediated the relationship between AST and MVPA. Walking was associated with greater PA only in girls, while cycling was associated with greater PA only in boys.
Chillon (2011) 51 Actigraph GT1M accelerometer worn for 7 days and modified version of the International Physical Activity Questionnaire In boys, walking was positively associated with MPA, VPA, MVPA and total PA, while in girls, it was associated with MPA and MVPA. Cycling was positively associated with MPA, MVPA ant total PA, while in girls, it was associated only with MPA. Walking and cycling were also positively associated with questionnaire-assessed PA. 56 New Lifestyle NL-2000 pedometer worn for 7 consecutive days Children who walked to and from school had higher step counts than those who walked only 1 way and those who were driven in cars (13,308 vs. 12,741 and 10,986 steps/day). 57 Yamax Digi-Walker pedometer worn for 4 consecutive days Boys and girls who walked to school accumulated between 3227-3477 more steps/day than those who were driven by car or bus.
Cuddihy (2003)
Larouche (2011) 58 Yamax Digi-Walker pedometer worn for 7 consecutive days Active travelers accumulated 663 more steps per day (11,924 vs.11,261), but this difference was not significant. Johnson (2010) 59 MLS 2505 pedometer worn for 6 consecutive weekdays Children who walked accumulated significantly more step/day than those who were driven by car or bus (12,614 vs. 10,021 vs. 10,230).
Murtagh (2011) 60 Yamax Digi-Walker pedometer worn for 4 consecutive days AST was associated with higher daily step counts (16,118 vs. 13,363) .
McCormack (2011) 61 Accusplit (AH120 M8) pedometers worn for 7 consecutive days AST was associated with greater odds of reaching PA guidelines (OR = 1.48).
Trang (2009) 62 Vietnamese version of the Adolescent Physical Activity Recall Questionnaire PST was associated with greater odds of not meeting PA guidelines in boys (OR = 7.4) and girls (OR = 2.6). 65 Parents completed a diary in which they specified their children's activities for 7 consecutive days Children who used AST were less likely to be classified as insufficiently active (eg, less than 60 minutes of daily PA) than those who were driven (adjusted OR = 0.43).
Tudor-Locke (2002) 66 Validated questionnaire Omitting AST was associated with a statistically significant lower prevalence of meeting different PA guidelines (differences of 12%-20% depending on the guideline).
Wen (2010) 67 Proxy-report of time spent in PA No association between AST and PA (data not reported).
Andersen (2009) 68
Questionnaire No association between AST and PA.
Loucaides (2007) 69 Godin Leisure-Time Exercise Questionnaire Small positive correlations were noted between AST and MVPA in urban (r = .10) and rural (r = .06) adolescents.
After adjustment for covariates, AST was associated with MVPA only in urban adolescents.
Heelan (2005) 70
Self-Administered Physical Activity Checklist administered once in 5 different months AST was positively correlated with PA level before school (r = .17) and daily MVPA (r = .13). AST was associated with more MVPA before school (9.0 vs. 6.4 min) and throughout the day (55.8 vs. 45.1 min) than PST.
Van Dyck (2010) 71 Flemish Physical Activity Questionnaire AST was positively associated with total PA (std. β = 0.206), but not with other forms of PA. Volume of AST was also associated with total PA (std.
Silva (2011) 72 Validated questionnaire Active travelers were less likely to be at or below the 33rd percentile for PA (expressed in kcal/kg/day).
Owen (2012) 91 Actigraph GT1M accelerometer worn for 7 days Children who traveled by car accumulated less MVPA (-7 min), total physical activity (-32 cpm) and steps per day (-813 steps).
Roth (2012) 92 Validated questionnaire and Actigraph GT1M accelerometer worn for 7 days for a subsample (n = 603) Based on the questionnaire, time spent walking or cycling to/from school was associated with greater odds of meeting PA recommendations (OR = 1.08 and 1.31, respectively). Accelerometry results show that walkers and cyclists were more likely to be in the middle and highest activity tertiles.
Daly-Smith (2011) 93 7 day diaries Each additional day where children engaged in AST was associated with a greater likelihood of meeting PA guidelines (OR = 2.52-6.45).
Meron (2011) 94 Adolescent Physical Activity Recall Questionnaire
Goodman (2011) 95 RT3 accelerometers worn for 4 consecutive days Each extra 1% of the day where the child engaged in AST was associated with a 0.56% increase in daily minutes of MVPA.
King (2011) 99 Actigraph accelerometers (7164 and GT1M) worn for 7 consecutive days Univariate linear regression analyses show that AST was significantly associated with total PA and MVPA. These differences remain significant in multiple linear regression models (β = 0.012 and 0.052, respectively).
McMinn (2012) 102 Actigraph GT1M accelerometer worn for 5 days Seasonal decrease in daily PA observed in both groups, but the reduction was significantly lower in the intervention group (partial Abbreviations: AST, active school transport; PST, passive school transport; PA, physical activity; cpm, counts per minute; MVPA, moderate-to-vigorous physical activity; M. 64 and air displacement plethysmography (1 study). 35 There was 1 quasi-experimental study, 10 prospective studies, and 28 cross-sectional studies. Outcomes of these studies are presented in Table 3 78 Heelan et al showed that participants who walked at least 50% of the time had significantly lower increases in BMI, body fat percentage, and sum of triceps and calf skinfolds than those who walked less than 50% of the time and passive travelers; 44 however, 7 of the 10 longitudinal studies reported no difference in BMI between active and passive travelers. 33, 34, 36, 46, [82] [83] [84] Of these, 2 papers presented data from the same study, but with different lengths of follow-up 33, 34 : 1 study consisted only of a 10-week follow-up period 84 and another study reported differences between groups at baseline but not at follow-up. 46 One study found a small but positive correlation (partial r = .03) between AST and BMI at follow-up, although additional analyses indicated that this difference was only present in the overweight participants. 70 In contrast, participants from the Québec Longitudinal Study of Child Development who consistently used AST from kindergarten to grade 2 had significantly lower BMI indices than passive travelers in grades 1 and 2, despite a lack of difference in kindergarten. 81 Similarly, Bere and colleagues 86 reported that compared with individuals who did not cycle at baseline and/or follow-up, participants who cycled at both time points had a significantly lower risk of being overweight at follow-up (OR = 0.44), while those who stopped cycling during the follow-up period had an elevated risk (OR = 3.19).
Four out of eight studies that examined differences in skinfold thickness found that active travelers were leaner, 44, 47, 64, 75 while the remaining 4 studies showed no difference between groups. 46, 70, 72, 90 Of the 5 studies that examined differences in waist circumference, 1 found a positive association, 78 while the 4 others indicated that although active travelers had lower waist circumferences, the differences were not significant. 47, 58, 72, 90 The study that used bioimpedence reported that active travelers had lower percentages of body fat when adjusting for the distance between home and school. 64 Finally, studies that used dual-energy X-ray absorptiometry or air displacement plethysmography (eg, BodPod) found no difference between active and passive travelers. 33, 35, 36 While 35.9% of the studies have shown that AST was associated with more favorable body composition, the findings are very inconsistent. In addition, the lack of summary data in several included papers may suggest selective reporting. Therefore, the quality of evidence was rated as very low.
Cardiovascular Fitness
Ten studies examined the impact of AST on cardiovascular fitness 34, 38, 48, 63, 68, 72, 74, 87, 94, 97 (see Table 4 ). Of these, 4 studies used a cycle ergometer protocol, 34, 38, 48 ,68 4 used the 20-m shuttle run test, 63, 72, 94, 97 and 2 used the 1-mile run time. 74, 87 Of note, Andersen and colleagues directly measured expired gases on a subsample of 287 participants to determine whether differences in VO 2 max were due to a better mechanical efficiency in cyclists. 68 Their results show that differences in work capacity were not an artifact of greater mechanical efficiency.
The findings differ markedly between walking and cycling. All 5 studies that assessed walking and cycling separately as recommended by Shephard 15 found that cyclists had greater cardiovascular fitness than passive travelers. 34, 38, 48, 63, 68 Data from the 6-year follow up of the Danish arm of the European Youth Heart Study has shown that children who started cycling during the follow-up period achieved a 9% greater cardiovascular fitness at 15 years of age, and cycling to school explained 3.1%-9.7% of the variance in cardiovascular fitness. 34 In addition, findings from the Danish youth and sport study indicate that adolescent cyclists had higher maximal aerobic power (4.6%-5.9%), isometric abdominal endurance (10%-16%), dynamic abdominal endurance (10%), and trunk flexibility (6%); 68 however, only the largest study, in which walkers and cyclists were analyzed separately (N = 6085), observed that walkers were fitter than passive travelers. 63 For the 5 remaining studies, cyclists were combined with walkers in the analyses due to the scarcity of cycling. 72, 74, 87, 94, 97 Madsen and colleagues reported that although active travelers achieved better mile run times, the difference was not significant (P = .07; β = -2.0; 95% CI = -4.2 to 0.2). 74 In contrast, Heelan and colleagues reported a significant correlation (r = .34) between mile times and the frequency of AST among children who actively traveled 0.5-1 mile, but not in those who traveled shorter distances. 87 Three studies found that active travelers were more likely to be classified as "fit" based on their performance on the 20m shuttle run test, 72, 94, 97 but 1 of these noted that significant differences were observed in only 1 of the 2 cohorts. 94 Considering that all 5 studies found that cyclists had significantly better cardiovascular fitness than passive travelers, and that controlling for PA in the analyses may bias the results toward the null hypothesis (eg, colinearity between AST and PA), the current evidence showing higher cardiovascular fitness in children who cycle to/ from school is rated as moderate. There is currently inconclusive evidence, however, that walking to school 
Main outcomes
Lofgren (2010) 33 AST vs. PST No difference in BMI and DEXA-measured %BF at baseline, and no difference in annual changes.
Cooper (2008) 34 and Andersen (2011) 90 Dominant mode (walk, cycle, public transport, car/motorcycle) No difference in BMI, WC and skinfolds between any modes of transportation neither at baseline, nor at 6-year follow-up.
Ford (2007) (24.62 vs. 27.33); no differences were noted in girls. No differences in the changes in BMI and skinfolds at 2-year follow-up.
Mendoza (2011) 47 AST frequency * duration AST was associated with lower BMI (β = -0.07) and lower sum of triceps and subscapular skinfolds (β = -0.06). The association with WC was not significant (β = -0.06). Before-and after-school PA mediated the relationship between AST and waist circumference (Sobel Z = 1.98).
Loucaides (2008) 64 AST vs. PST No difference in BMI and prevalence of OW. Biceps, suprailiac, subscapular, and triceps skinfolds, the sum of 4 skinfolds and %BF as measured by bioimpedance were significantly lower in active travelers in the whole sample, but not when examining boys and girls separately. In multiple regression models, difference in %BF were found only when controlling for distance (β = -0.58).
Wen (2010) 70 AST index (eg, frequency of AST * distance) Significant positive association between the AST index and BMI at follow-up when controlling for BMI at baseline (r = .03). AST index was positively associated with BMI at follow-up in the overweight children (r = .10), but not in their normal weight counterparts. No difference in skinfold thickness.
(continued)
Reference
Measure of AST
Main outcomes
Silva (2011) 72 AST vs. PST No differences in BMI, WC and skinfold thickness between active and passive travelers.
Baig (2009) 73 AST vs. PST No difference in the risk of overweight and obesity adjusted for age, ethnicity, level of PA at school and distance between home and school.
Madsen (2009) 74 Mode on the day of the survey (AST vs. PST) AST was associated with significantly higher BMI Z-scores (OR = 1.5). This relationship became nonsignificant after controlling for the purchase of food from snack cars while in transit.
Silva (2008) 75 AST vs. PST AST was associated with a lower prevalence of OW (15.8 vs. 30.0%) and excess body fat as estimated from the triceps skinfold (19.1 vs. 33.2%). These differences were seen in both genders and age groups (7-9 and 10-12).
Collins (2008) Jansen (2010) 79 Mode on the day of the survey (AST vs. PST) No difference in the prevalence of OW/OB according to mode of transport.
Bere (2011) 80 For Rotterdam (cycling ≥ 3 times per weak vs. others); for Kristiansand (cycling at all time points vs. others) In models adjusted for school, distance, sex, ethnicity and sport participation, cycling was associated with lower odds of OW in Rotterdam (OR = 0.63) and Kristiansand (OR = 0.52).
Pabayo (2010) 81 AST (all time point vs. others) Growth curve analysis showed that children using AST to school both in kindergarten and Grade 1 was associated with lower BMI Z-scores (β = 0.18). Those using AST from kindergarten through Grade 2 had even lower BMI Z-scores (β = 0.30).
Aires (2010) Bere (2011) 86 Participants categorized as "no cycling," "started cycling," "stopped cycling" and "continued cycling" Participants who stopped cycling had greater odds of OW at follow-up than participants from the 3 other groups (OR = 3.19). Those who continued cycling had lower odds of OW (OR = 0.44).
Roth (2012) 92 Walking or cycling ≥ 1 times per week vs.
PST
Children who walked or cycled to school had a lower, but nonsignificant risk of being obese. Meron (2011) 94 No car trips vs. 1-5 weekly car trips vs. > 6 weekly car trips No difference between groups on the prevalence of OW and OB. Andegiorgish (2012) 96 Dominant mode (walk, cycle, motorized) Children who walked or biked to/from school were less likely to be OW (OR = 0.54 and 0.62, respectively).
Arango et al
(2011) 98 Dominant mode (AST vs. PST) AST was associated with a lower risk of OW (OR = 0.5) in adjusted and unadjusted models. Duncan (2011) 100 Dominant mode (walk, cycle, bus, car, other) Walking and cycling to/from school were associated with lower risk of OW/OB (OR = 0.59 and 0.61 respectively).
Abbreviations: AST, active school transport; PST, passive school transport; BMI, body mass index; WC, waist circumference; %BF, percentage of body fat; DEXA, dual-energy X-ray absorptiometry; OW, overweight; OB, obese; OR, odds ratios. At 6-year follow-up, cyclist were significantly fitter than noncyclists (F = 11.45). Participants who started cycling during follow-up and those who continued to cycle had a 9% greater CVF than those who did not cycle at both time points. Cycling to school explained 3.1-9.7% of the variance in CVF.
No difference between walkers and PST.
Cooper (2006) 38 Dominant mode (walk, cycle, public transport, car/motorcycle) CVF was consistently higher in cyclists (mean difference = 1.1-15.2% depending on gender and age group) than in walkers or passive travelers. Cyclists were more likely to be in the top quartile for CVF (OR = 4.8). Travel mode explained 8.1% of the variance in fitness. No difference between walkers and PST.
Chillon (2010) 48 Dominant mode (cycle, walk, public transport, car)
Swedish participants who cycled to school had higher VO 2 max than those who used other modes of transport (44.0 vs. 40.7-40.9 ml/kg -1 /min -1 ). No difference between walking and PST and in the Estonian subgroup in which only 1% cycled.
Voss (2010) 63 Dominant mode (cycle, walk, public transport, car)
Walking and cycling to/from school were associated with greater CVF in girls and boys, even when controlling for age and body composition With additional adjustment for physical activity, girls who cycled (OR = 7.94) or walked (OR = 1.34) to school had greater CVF than passive travelers while these association became nonsignificant in boys.
Andersen (2009) 68
Dominant mode (walk, cycle, public transport, car/motorcycle) Maximal work capacity was 5.9% and 4.6% higher in boys and girls who cycled to school and VO 2 max was, respectively, 4.7% and 1.7% higher. No difference between walkers and PST.
Silva (2011) 72 Dominant mode (AST vs. PST) Active travelers were more likely to be classified as "fit" based on their performances on the 20m shuttle run test (P = .035). 74 Mode on the day of the survey (AST vs. PST)
Madsen (2009)
AST was associated with faster mile run times (β = -0.8), but the difference was not significant.
Heelan (2003) 87 AST index (eg, frequency of AST * distance)
In children who traveled 0.5-1 mile to and from school, the frequency of AST was significantly correlated with estimated VO 2 peak (r = .34). No difference for children traveling shorter distances.
Meron (2011) 94 No or occasional car trips to/from school vs. frequent car trips
In the 2010 cohort, participants who made frequent car trips were more likely to be in the least fit quartile based on the 20m shuttle run test (OR = 1.7). No differences were found in the 2004 cohort.
Aires (2011) 97 Walking or cycling ≥ 1 times per week vs. PST AST was associated with greater CVF (β = 0.337). Time spent engaging in AST was not significantly associated with CVF.
Abbreviations: AST, active school transport; PST, passive school transport; CVF, cardiovascular fitness; OR, odds ratios.
is associated with higher cardiovascular fitness due to the variability in study findings. It is therefore concluded that this evidence is of very low quality.
Quality Assessment
Based on the Effective Public Health Practice Project quality assessment tool, 21 studies were rated as weak, 39, 40, 42, 49, 50, 57, [59] [60] [61] [64] [65] [66] [67] 72, 74, 76, 84, 91, 93, 95, 98 45 as moderate, 30-33,35-38, 41,43-48,51,53-56,58,62,63,68-71,73,75,77-83,85,86,92,94,96,97,99,100,102 and 2 as strong. 34, 52 Ratings for each component of the tool are provided in Table 5 . Overall, a cross-sectional study design was the most common reason for studies to be rated as weak. Of the 54 cross-sectional studies, 20 were rated weak 39, 40, 42, 49, 50, 57, [59] [60] [61] [64] [65] [66] [67] 72, 74, 76, 91, 93, 95, 98 and 34 were moderate. 30-32, 35,37,38,41,43,47,48,51,53-56,58,62,63,68,69,71,73,75,77-80,85,92,94,96,97, 99,100 Cross-sectional studies cannot be rated as strong based on the Effective Public Health Practice Project tool because they are automatically assigned a weak rating for study design. Eight out of ten longitudinal studies were rated as moderate, 33, 36, 46, 70, [81] [82] [83] 86 1 as weak, 84 and 1 as strong. 34 Three of the four intervention studies were rated as moderate. The quasi-experimental study by Heelan et al had a very high drop-out rate. 44 The randomized controlled trial by Sirard et al did not control for potential confounders, likely because of the low sample size (N = 11). 45 McMinn et al reported an important seasonal effect and concerns regarding the fidelity of the intervention implementation; however, Mendoza and colleagues' randomized controlled trial was rated as strong. 52
Discussion
The primary objective of the current systematic review was to examine the impact of AST on PA levels, indicators of body composition, and cardiovascular fitness, while the second objective was to systematically assess the overall quality of evidence. Overall, 81.6% of the studies showed positive associations between AST and PA levels with moderate quality of evidence. For body composition outcomes, there was substantial inconsistency in study findings; thus, the quality of evidence remains very low. Studies that examined differences in cardiovascular fitness between walkers and passive travelers or that did not analyze walking and cycling separately reported conflicting evidence; hence, the quality of evidence was considered very low. Cyclists had significantly better cardiovascular fitness in all 5 studies in which cycling was analyzed separately, however, and this evidence is of moderate quality. Following the publication of the 2 earlier reviews that assessed differences in daily PA levels between active and passive travelers, 20,21 the 4 first intervention studies on this topic were published. Three of these studies reported that walking school bus interventions led to an increase in time spent in daily MVPA (2.2-17.5 additional minutes, depending on the frequency of AST). 44, 45, 52 The other intervention study reported a reduced seasonal decline in daily PA among children who received a classroombased AST intervention. 102 These studies provide some There was conflicting evidence regarding the association between AST and body composition outcomes, and these findings may be explained by several factors. It is possible to suppose that individuals may compensate for the energy expenditure resulting from AST in the rest of the day, either by 1) engaging in less PA, 2) engaging in more sedentary behavior, and 3) increasing their energy intake. While the current findings suggest that it is unlikely that active travelers do less PA during the rest of the day, most of the reviewed studies have not assessed the impact of AST on sedentary behavior and energy intake. It has also been argued that the absence of significant differences in several studies could be due to a lack of statistical power, or the lack of analyses differentiating between walking and cycling, 103 or by not controlling for distance in the analyses. 64 In addition, socioeconomic status could be a confounding variable. There is indeed evidence suggesting that low socioeconomic status is associated with higher BMI indices 104, 105 and that children from lower income households are more likely to engage in AST. 106, 107 Finally, it is noteworthy that conflicting associations between PA and body composition have also been observed in intervention studies, 108, 109 emphasizing the complexity of body weight regulation. 110, 111 All 5 studies that have examined cycling separately have shown that cyclists had significantly greater cardiovascular fitness; however, the results are inconsistent for walking or for AST in general. This difference is possibly due to higher physical activity intensity among cyclists than walkers, as suggested by Shephard. 15 Similarly, a randomized controlled trial in which Finnish adults were assigned to 10 weeks of daily active or passive travel to work led to a 7% increase in VO 2 max in cyclists, compared with only 2% in walkers. 112 In addition, longitudinal findings from the European Youth Heart Study illustrated a consistent pattern of reduced cardiovascular disease risk factors in adolescents who cycled to school, but not in those who walked. 90 Hence, the current findings emphasize that future AST studies should analyze walking and cycling separately.
Limitations of the Studies Reviewed
Although study quality was rated as moderate or strong for 69.1% of the studies based on the Effective Public Health Practice Project tool, few studies have given details regarding the validity and reliability of the questions used to assess mode of transportation; however, current questionnaires have high convergent validity (kappa = 0.77-0.87) and test-retest reliability (kappa = 0.82-0.97). [113] [114] [115] [116] It was considered that the questions that were very similar to those that have been shown to be valid had reasonable face validity; thus, studies that did not report the validity and reliability of their travel assessment were not "penalized" on the "methods" component of the tool.
Only 3 intervention studies have assessed at least 1 of the outcome variables considered in the present review and the 2 pilot randomized controlled trials only examined differences in physical activity level over a short period of time. Therefore, to further improve the quality of evidence, there is a clear need for more and longer prospective intervention studies. Future studies could evaluate the impact of existing programs that promote AST (ie, walking school buses, Safe Routes to School, and classroom based approaches) on PA levels and healthrelated outcomes. The long-term sustainability of such initiatives needs to be further assessed. For instance, Kingham and Ussher described several challenges to the durability of walking school buses in New Zealand. 117 The findings of McMinn et al 102 suggest that future intervention studies should also take into consideration the impact of seasonal variations in AST on PA levels.
In addition, as Faulkner and colleagues 20 pointed out, some studies classified children using AST only 1 day per week as active travelers. This can potentially bias the results toward the null hypothesis (eg, the classification of children using AST once per week as active travelers is likely to reduce the magnitude of the effect). Another classification issue is that several studies have assessed mode of transport to school, but not from school; and some studies included in the current review have found that children who used AST to and from school were more active than those who did only 1 active trip. To avoid such biases, future studies should consider assessing AST as a continuous variable (ie, frequency × distance). This approach would provide an estimate of the weekly distance accumulated through AST, which should facilitate the assessment of dose-response relationships.
Another limitation of current knowledge is that most studies did not evaluate the dose-response relationship between AST and health-related outcomes in children and adolescents. Only 2 studies have examined the impact of distance on the relationship between AST and body composition. 64, 70 Similarly, only 2 studies reported the effect sizes of differences in PA between active and passive travelers. 54, 102 Finally, it should be noted that self-report instruments may overestimate PA levels, 23 while pedometers and accelerometers underestimate PA during cycling. 24 The latter may partially explain the lack of significant differences between cyclists and passive travelers observed in some studies. 38, 41, 48 Future studies should develop and evaluate strategies to overcome this methodological limitation.
Limitations and Strengths of the Review
Meta-analyses were precluded due to the wide heterogeneity in study methodologies and analyses. Further, the funnel plot and related statistical methods for detecting publication bias could not be used because a consistent measure of effect across studies was not available. To minimize publication bias, however, 10 key informants from several different countries were consulted and the search strategy included unpublished theses indexed in the ProQuest database.
The current review has several strengths. First, the search strategy was designed with a professional research librarian, and studies in both French and English were considered eligible. To our knowledge, this is the first review that assessed the impact of AST on objective and subjective measures of physical activity, and the findings indicate that the direction of the findings is consistent regardless of the type of PA measurement. Moreover, earlier reviews included almost exclusively cross-sectional studies whereas the current review included 2 pilot randomized control trials, 2 quasi-experimental studies, and 10 prospective studies. Finally, both the quality of overall evidence and the quality of individual studies were rigorously and transparently evaluated using GRADE and the Effective Public Health Practice Project tool.
Conclusion
The vast majority of the studies have shown a positive relationship between AST and physical activity levels. In addition, there is consistent evidence that cycling to/ from school is associated with greater cardiovascular fitness and that the mode of transport explains a substantial proportion of the variance in cardiovascular fitness; however, the association between AST and indicators of body composition remains equivocal. Potential reasons for this conflicting evidence include compensatory behaviors (eg, reducing PA in other parts of the day), inconsistencies in measurement of active travel and/or physical activity, confounding variables (ie, low socioeconomic status may be positively associated with both AST and BMI), not controlling for distance in the analyses or not analyzing cyclists and walkers separately. Findings of studies that examined differences in fitness between walkers and passive travelers are also inconsistent. This inconsistency may be due to the lower exercise intensity of walking (in comparison with cycling), which may be insufficient to increase fitness in healthy children and youth. 15 Interestingly, a recent systematic review concluded that most AST interventions have led to increases in the proportion of children walking and cycling to school. 118 Given the positive association between AST and physical activity levels, and between cycling to/from school and cardiovascular fitness, further investments for the implementation and evaluation of AST interventions are warranted. It is also noteworthy that reducing the proportion of motorized school trips could yield important environmental cobenefits (ie, reduction in greenhouse gases emissions, particulate matter, carbon monoxide, nitric oxides, volatile organic compounds, etc.). 119 In turn, the particulate matter emitted by vehicles increases the likelihood of cardiovascular and respiratory diseases. 120, 121 In this perspective, active transport represents a powerful strategy to simultaneously address several environmental and public health problems. 14, 122, 123 These findings clearly emphasize the need for more intervention studies to increase the quality of evidence. Given the marked difference in the impact of walking and cycling on cardiovascular fitness, analyzing these modes of transportation separately is warranted. Finally, to facilitate the examination of dose-response relationships, and to reduce classification biases, future studies should assess the relationship between AST and health-related outcomes using a continuous measure of AST.
